Abstract
Informed consent statement: Our investigation only included evaluation of clinical data (as approved by the IRB, granting "access to adult health records") and did not required any additional procedures, or influenced health care delivery. As a result, informed consent forms were not required from the subjects for this study.
Conflict-of-interest statement:
There are no conflicts of interest to report.
Data sharing statement:
No additional data are available.
STROBE statement:
The authors have read the STROBE Statementchecklist of items, and the manuscript was prepared and revised according to the STROBE Statement-checklist of items.
Open-Access: This article is an
open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licen ses/by-nc/4.0/
Manuscript source: Unsolicited manuscript

INTRODUCTION
Inflammatory bowel diseases (IBD) are chronic inflammatory conditions which affect the patient's physical health, quality of life and social functioning. This creates an ongoing need for interactions with the healthcare system, as IBD patients are known to have high risk for developing severe disease related complications, as well as drug related adverse events [1, 2] . As a result, IBD patients are high consumers of acute-care services and the initial point of care for persons having acute health issues related to their IBD are typically the emergency department (ED) [3] . Seeking medical care through the ED has been shown to cause a significant socio-economic impact on our health care system due to the substantial burden of resource utilization, especially in chronic conditions, such as IBD [4] . IBD, similar to many other chronic and progressive conditions require continuous follow-up. In the last decade, therapeutic options and tools for disease monitoring have become increasingly complex, which led to a paradigm shift in IBD management. Objective therapeutic targets/endpoints have been defined and more rigorous disease monitoring strategies have been put forward in many expert recommendations, which all require continuous interactions with IBD specialist physicians [5, 6] . Recently, multiple quality of care indicators have been developed to ensure a standardized and high quality care in IBD management. Among many, patient satisfaction is thought to be an integral part of high quality of care [7] . Several data show that "patient access" to treating physician or healthcare services in general is frequently a source of inadequate satisfaction among IBD patients [8, 9] . ED services are best reserved for acute, serious and/or life-threatening disease states. Thus optimising and reducing patient load to the ED is an important goal for global healthcare delivery [10] . A large proportion of patients with known chronic conditions could potentially be managed in alternative care settings, more specific to their disease. These specific "rapid access" patient pathways for "rapid" evaluation and management can be established through regular outpatient care providers, which can potentially reduce ED visits, thus saving costs. There are examples for a good performance of rapid access clinics (RAC) in other chronic conditions, e.g., diabetes or cardiology [11, 12] . Until now, there is no well-defined framework of outpatient RAC in IBD centers across North America. A RAC service can provide quick access and rapid evaluation by an IBD specialist for patients experiencing moderate to severe symptoms in non-emergency situations related to IBD, thus potentially avoiding ED visits. In this study, we aimed to prospectively measure quality of care indicators by assessing patient access, diagnostic procedures, resource utilization and outcome parameters after the implementation of a new, formal RAC service at the McGill University Health Centre (MUHC) tertiary care IBD center. We also aimed to compare the resource utilization and costs of the RAC with regular ED visits of other IBD patients having no access to RAC services.
MATERIALS AND METHODS
The MUHC IBD center consists of a team of medical professionals including IBD specialized gastroenterologists and fellows, IBD nurses, research fellows who work closely with other consulting professionals to offer a continuous, multi-faceted care to IBD patients [13] . The formal RAC service was established within the MUHC IBD center. Treating physicians provided emergency contact information (email/telephone) to all patients, as well as a framework of indications for appropriate consultation to the RAC, known as the Urgent IBD care plan (Supplementary Figure 1) . Each email was read and reviewed by an IBD-specialised nurse and/or physician. The patients were offered a RAC visit if the request was deemed appropriate. Consecutive patients from the MUHC IBD Center who contacted the RAC via email/telephone or personal visit between July 2017 and April 2019 were prospectively included in this study. Only those above the age of 18 with a known diagnosis of IBD and followed-up at the MUHC IBD center by a member of the gastroenterology service were offered the RAC service. Patients with a recent diagnosis (less than 1 year) or an uncertain diagnosis of IBD were excluded.
Patient and disease related demographics including disease phenotype and severity as well as current and previous medication history was captured upon the RAC visits. Patient access to the RAC in terms of the validity of the request, and time to medical appointment were evaluated. Resource utilization included laboratory inflammatory markers and cultures ordered during the visit, endoscopy and other imaging modalities, requests for consulting services as well as changes in treatment initiated during the visit. We also evaluated outcome parameters such as need for ED visits within a 30 and 90 d period following the RAC visit. These ED visits were categorised based on the fact, whether they were organised by the RAC personnel or initiated by the patient alone and the RAC service was unaware of the event (unplanned ED visits). Hospital admissions or surgery were also registered in the aforementioned period.
To compare resource utilization and healthcare costs we evaluated consecutive IBD patients who presented to the ED at the MUHC but did not have access to the RAC services. These patients were included in the period between January 2018 and January 2019. Data pertaining to patient access, diagnostic procedures and outcomes similar to the above-mentioned was collected during this period. Comparison of healthcare costs was performed using the non-industry cost estimates for diagnostic tests/procedures and medical services, as reimbursed by the RAMQ in Quebec [14] . Average medical cost estimates per patient were calculated for ED visits and RAC visits.
Statistical analysis
Data was analyzed using SPSS 20.0 software. Descriptive statistics were used to evaluate demographic variables, baseline patient characteristics, frequencies of diagnostic procedures, treatment change and outcome parameters. χ 2 test was used to calculate differences in frequencies of resource utilization, change in medical therapy or hospitalization events, surgery requirements. Mean (SD) and median (IQR) time to events or length of stay and mean (SD) costs were calculated. A P < 0.05 was regarded as statistically significant.
Ethical considerations and confidentiality
Ethics Committee approval was obtained in accordance to ISO protocol, local legal 
RESULTS
488 patients [41.3% male, Crohn's disease (CD)/ulcerative colitis (UC) 68.5%/31.5%] who had valid medical reason for contacting the RAC clinic were included during the investigation period (Table 1) . For cost-and resource utilization comparison, 135 patients (60.7% male, CD/UC 68.5%/31.5%) who were not followed-up in the MUHC IBD center and were presenting to the ED at the MUHC for symptoms pertaining to a potential IBD flare were included. Detailed patient characteristics data is depicted in Table 1 .
Amongst all the email/telephone requests obtained during the study period, 85.8% were deemed appropriate for a rapid appointment as per the Urgent IBD Care plan and consequently, these patients were given appointments for a RAC visit. Amongst these total visits, 333 patients (68.2%) were granted an appointment with an IBD specialist gastroenterologist and 86 patients (17.6%) had a visit with a specialised IBD nurse, where the physician was kept notified of the situation. 69 patients (14.1%) had no visit as their request could be managed via email or telephone. The reason for a rapid appointment was potential disease flare in 71.6% of patients presenting for a RAC visit. The median time to a RAC visit with an IBD specialist physician was 2 d (IQR: 0-6 d) following the first point of contact (telephone or email) initiated by the patient.
Resource utilization and treatment change by the RAC service
RAC visits consisted of fast-track evaluation of disease activity using clinical assessment and laboratory markers. Complete blood count and C-reactive protein (CRP) measurements were performed in 90.9%, while fecal calprotectin (FCAL) in 73%, respectively. Stool culture was ordered in 41.9% of patients and Clostridium difficile toxin stool PCR in 43.1%. Colonoscopy and flexible sigmoidoscopy was requested in 17.9% and 6.7% of the patients, while only a minority of patients underwent imaging modalities, including 6.0% abdominal computed tomography (CT) and 2.1% magnetic resonance imaging (MRI). Other specialist consults were ordered in 9.8% of the cases, which included ED visits/consult initiated during a RAC appointment (Table 2 ). There was no significant difference between resource utilization and outcomes between patients with Crohn's disease and Ulcerative colitis (Supplementary Figure 1) .
The study revealed a change in medical therapy in 54.4% of the cases. 21% of the patients experienced initiation or dose adjustment of systemic steroids, and biologics were started or optimized in 11.9% of cases, respectively (Table 3) .
Unplanned ED visits and hospital admissions following the RAC visits
There was an 8.8% (n = 43) rate of ED visits within 30 d and 11.1% rate within 90 d following the initial contact with the RAC services. The overall rate of hospital admissions related to IBD within 30 d following the first contact with the RAC was 4.5% (n = 22). The overall incidence of unplanned ED visits (not initiated by a physician or IBD nurse) was 5.9% (n = 29). Twenty patients presented to the ED following a RAC visit with an IBD specialist and 9 patients were not deemed appropriate for RAC visit with a physician based on complaints. Among patients with unplanned ED visits 10 patients required hospital admission and no patient required surgery. Fourteen patients had ED visits initiated by an IBD specialist or IBD nurse following a RAC visit due to physician concerns during the triage process. Among those, 9 patients required hospital admission and 5 patients underwent surgery. For detailed patient routes see Figure 1 .
Resource utilization and patient outcomes following ED visits
Amongst the patients assessed in the ED, 98.5% had at least one CRP value drawn and FCAL was measured in 10.4% of cases, significantly less frequent compared to the RAC visits (P < 0.001). 51.1% and 48.9% of patients had a C. difficile stool PCR test and stool cultures, the earlier being significantly more frequent compared to the RAC visits (P = 0.03). A noteworthy 65.7% of patients underwent abdominal CT imaging, significantly more compared to that during the RAC visits (P < 0.001). The frequency of colonoscopy and sigmoidoscopy requested were 26.7% and 14.8%, again significantly more compared to the RAC visits (P = 0.005 and P < 0.001). All the patients were assessed by a consultant gastroenterology service. 50.4% were equally seen by internal medicine, 37.8% by colorectal surgery and 9.6% by other consultant services ( Table 2) . The overall treatment change rate was similar to that of the RAC cohort, however there was a 42.2% rate of steroid use, significantly more compared to the RAC visits (P < 0.001) ( Table 3) .
Hospital admissions were initiated during an ED visit in 64.4% of the patients, with 5.9% (n = 8) of patients requiring surgery. The mean and median length of hospital stay was 8.4 (SD 9.9) and 5 (IQR: 3-10) d with only 16.9% and 13.5% of patient having a 1-2 or 3 d hospital admission. Additional hospitalisations within 30 d following the ED visit occurred in 8.1% (n = 11) of the patients.
Cost comparison of patient management by the RAC and ED
We further analyzed medical expenses comparing the average per-patient costs of resources used for patient assessment by the RAC vs the ED. Amongst the 419 patients seen in the RAC, estimated costs per person based on the diagnostic procedures and services utilized was $403.30 CAD. This is to be compared to ED visits, with an average cost of $1885.50 CAD per patient, with the cost of emergency visit, interdisciplinary consult and imaging being the most contributive to this total ( Figure 2 ). This estimate do not include the expenses of hospital admissions, although 64.4% of the patients presenting at the ED required at least 1 [median 5 (IQR 3-10)] d of hospital admission. This produced an average additional cost of $3143 CAD per patient per day related to hospitalisations (the estimated cost of admitting was $4881 CAD per day). Of note, the average cost related to hospitalizations which incurred 
DISCUSSION
This is the first comprehensive analysis of patient access, resource utilization, costs and outcome measures of a newly implemented formal IBD specific RAC service compared to usual ED visits in IBD patients from a single academic center in North America. The major finding of the present study was that creating a RAC service for IBD patients is associated with quick patient access, optimized and specific use of diagnostic procedures and services, with similar outcome parameters and lower resource utilization compared to regular ED visits for IBD patients. ED attendance has been reported high for both incident and prevalent cases of IBD. By analyzing trends in ED visits and subsequent hospitalizations in the United States, the frequency of IBD related ED visits increased by 51.8%, from 90846 visits in 2006 to 137946 in 2014 based on the National Emergency Department Sample database [15] . For comparison, all-case ED use in this period increased by 14.8%. Inpatient hospitalizations following the ED visits was high, yet showed a decreasing trend for IBD patients (from 64.7% to 52.6%). Of note, the rates of urgent surgery in IBD patients admitted from the ED also decreased from 9.1% of all ED visits in 2006 to 5.6% in 2014. Trends were largely similar for pediatric onset IBD patients, according to a nationwide report on the use of ED resources by children with IBD in the United States. The rate of hospital admission for children was approximately 40% in CD and 60% in UC [16] . In a recent population-based study from Manitoba including 300 incident and 3394 prevalent IBD cases, 76% and 49% of patients attended the ED at least once during the study period of 3 years [3] . Hospitalization rates were reported lower in this study after presentation to the ED, with only 15% of the patients with known IBD and 44% with a new diagnosis of IBD were being admitted to the hospital. Our results show high rates (64%) for overall hospitalization of IBD patients presenting for regular ED department visits, however the rate of surgical intervention was low, only 5.9%. Direct comparison between these rates is difficult because of different methodology and IBD setting (IBD center vs population-based), or other contributing factors (e.g., the availability of IBD specialist gastroenterology consults). Considering all the above, results could suggest that in a significant proportion of cases, IBD care provided in the ED could have been effectively and safely managed in a more cost-optimized outpatient settings, preferably by the attending IBD specialist.
The need for optimized "patient access" and monitoring algorithms for specialized care in acute IBD-related conditions is also expressed by the patients. ED care is associated with a high health care burden (e.g., long waiting hours, assessment and care provided by non-specialized physicians and high costs). Based on a survey from Manitoba, the majority of persons would be receptive to options other than ED visit when experiencing IBD related symptoms: 77% and 75% of the participants expressed to likely use a phone contact with a specialized IBD nurse, or a gastroenterologist, and 71% would use a walk-in gastroenterology clinic service [17] . In a previous study, our group evaluated results from patient satisfaction surveys at the MUHC IBD center, using the "Quality of Care Through the Patient's Eyes -Inflammatory Bowel Disease" questionnaire [9] . Results showed that "accessibility" especially in case of acute situation was one of the lowest rated aspects of perceived quality of care. These findings also strengthen the importance of establishing a new route of patient access to IBD specific care.
Our study is the first to comparatively evaluate the performance of RAC and ED care pathways, including utilization of diagnostic tests and consulting services. Our results confirm that objective and rapid evaluation was performed at the RAC, including high rates of CRP and FCAL testing (frequently coupled with Clostridium difficile and stool cultures), and careful use of fast-track endoscopies in line with a "treat-to-target" framework and objective, timely disease monitoring [5, 6] . Cross sectional imaging was reserved for suspicion of complicated disease behavior and/or emergency situations, and mainly for CD patients.
In contrast, diagnostic test and service utilization by the ED was significantly different, including a very high utilization of cross-sectional imaging. More than two thirds of the patients underwent CT imaging who presented to the ED, while in the RAC CT was performed in 6% of the IBD patients. The wide use of abdomino-pelvic CT in ED is of concern for radiation exposure and costs. Yarur et al [18] found in a crosssectional study that the rate of clinically actionable finding with abdomin-pelvic CT was moderate for CD patients (32.1%) but minimal for UC (12.8%) patients who visited the ED in the United States. For comparison, in the present study, 47.3% of patients underwent CT in the ED even in UC. FCAL test was performed only in 10.4% of the ED visits in the present study. The high frequency of urgent/same day hospitalizations and relatively long in-hospital stay [5 d, ] by the ED is also an important aspect of excessive resource utilizations.
Of note, 10% of the RAC patients underwent abdominal ultrasound (US) examination as part of their evaluation. US was the preferred method of choice against CT or MRI imaging in patients with the appropriate disease phenotype. Transabdominal US was reported to have comparable overall sensitivity and specificity to MRI and CT imaging in diagnosing ileal CD [19, 20] . The evolution of US equipment, growing expertise, rapid access and relatively low costs lead to a growing use of intestinal US in the clinical assessment of IBD patients, especially in countries where the use of abdominal ultrasonography has a traditional role in everyday gastroenterology practice, e.g., Germany, Italy [21] . A recent study showed that point of care US examinations could play a significant role in guiding therapeutic management in CD, although the proper characterization of disease specific lesions requires training and expertise [22] . Another study group reported initial experience of a rapid access US imaging clinic in IBD from the United Kingdom, demonstrating that a combined clinic-radiological approach using fast-track US offers the opportunity for urgent treatment changes and more proper triage of follow up appointment scheduling [23] . Our results also confirm that the therapeutic decisions and optimization of medical therapy were significantly different in the case of RAC vs ED visit. Fewer cases of steroid initiation/dose adjustment were performed by IBD specialist physicians in contrast to the ED. In addition, optimization of biologicals and immunosuppressive was more frequent out in RAC settings.
An important outcome parameter is the need for ED visits following a RAC visit, and need for hospital admission and surgery rates within the next 30 or 90 d following the RAC or ED visits. Only 4.1% of patients needed an ED visit following a RAC visit, while the number of those patients who were not granted a RAC visit with 1 One hundred and thirty-five patients presenting for ED visit, with no previous access to RAC services. a physician and reported to the ED anyway was even less (1.8%). A significant proportion of the ED visits following the RAC appointment reflected ongoing disease activity. Same day hospitalization rates were much higher following a regular ED visit. Hospital admissions in the next 30 d after a RAC visit was low (4.5%), this was also higher after an ED visit (8.1%). The requirement of urgent surgical interventions was also lower in patients presenting for the RAC [1.3% (n = 5) vs 5.9% (n = 8)].
Finally, ED visits -frequently used by IBD patients -are associated with a known economic burden, thus decreasing ED access offers the potential for cost savings. ED visits contribute to approximately 10% of all ambulatory medical care visits in the United States [24, 25] . Ballou et al [15] reported that the frequency of IBD-ED visits increased by 51.8% during an 8 year period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) in parallel by a 102.5% rise in the per patient costs and a 207.5% increase in the aggregate national cost of IBD-ED visits, based on the Nationwide Emergency Department Sample database from the United States. The mean total charge of a single ED visit for IBD was $4342 in 2014 [15] . To our knowledge, our study is the first in the North American region to compare costs and resource utilization between IBD patients seen in a RAC service and those who presented to ED. Based on the RAMQ reimbursement plan data for procedures and services, and the number of patients included in our observation period we estimated the per-patient costs of one RAC visit at $403.30 CAD, whereas the per-patient cost incurred during an ED averaged at $1885.50 CAD. The main cost drivers of the ED visit were emergency service facility fees ($716 CAD per patient), interdisciplinary consults ($337 CAD per patient) and cross sectional CT imaging ($447 CAD per patient). These estimates, however, do not include inpatient costs. Of note, > 60% of patients attending an ED visit had a median 5 night of hospital admission, which adds $15715 CAD ($3143 CAD/d) additional cost per patient. Implementation of a RAC service in IBD would thus alleviate an already saturated acute care pathway and reduce health care costs, as similar outcomes are achievable with an optimized resource utilization.
Nevertheless, the concept of RAC may be less transmissible to community gastroenterology services given differences in IBD patient load and the potential lack of resources, however this strategy was shown clearly beneficial in our high-volume academic tertiary care IBD center. There are other examples of alternative follow-up options/rapid access pathways for IBD patients. A pediatric study by Dykes et al [26] showed that increasing the availability of IBD specialists and specialized nurses via telemedicine (e-visit/e-messaging model) can also decrease the frequency of IBD related ED visits. Another large-scale quality improvement project at a tertiary IBD centre in the UK reported results on the stratification of adult IBD outpatients by risk and disease activity to achieve a more optimal setting for outpatient monitoring. Patients in long-standing remission with a low risk of complications were transferred to a nurse-led telephone clinic monitoring service, with high non-inferior satisfaction rates being reported compared with existing face-to-face clinics. In parallel, the authors reported positive satisfaction results in establishing IBD referral hotlines and RACs, providing a responsive service for patients requiring urgent specialist attention. The median waiting time to a RAC visit was 6.5 d [27] . The strengths of the present study include the single center design in a specialized tertiary care IBD center staffed with specialized IBD clinicians leading to harmonized care and less variation in treatment decisions, and consecutive, prospective patient inclusion with a large cohort size. The study provides a comprehensive and comparative analysis of two acute-care management pathways for IBD patients, including evaluation of patient access, resource utilization, costs and disease outcome parameters. A limitation to our study is that the IBD patient populations attending the RAC and ED services in real-life setting are not fully similar. The two populations had differences in disease characteristics, pointing to the more complex phenotype of the ED cohort. Providing easy access could have potentially boosted patient contact to the RAC clinic, and not all patients would have presented at ED. This is a potential confounder we are not able to fully control for. It may be hypothesized though, that the majority of those patients, who were seen in the RAC clinic would have alternatively presented to the ER (only 14.1% of the requests were deemed inappropriate as triaged by an IBD specialist or nurse). We believe that the differences in resource utilization, treatment decisions, outcomes and costs between the RAC and the ED are straightforward and show a clear benefit of this alterative rapid care pathway for IBD. Thus, the RAC may have accounted for approximately two thirds of potential ED IBD visits in 2018, where RAC and ED visits were monitored prospectively and in parallel. Of note, we could not calculate the exact change in the ED exposure by IBD patients before and after the creation of the RAC, since we did not track ED IBD visit counts before the initiation of the RAC.
In conclusion, results from the present study demonstrate that implementation of a RAC care pathway improved healthcare delivery by facilitating easier access, optimizing resource utilization for patient evaluation and treatment decisions to IBD specific medical care in urgent situations, thus preventing unnecessary ED visits. Patients, who underwent fast-track evaluation by an IBD specialist had low rates of further ED visits and hospital admissions. In addition, RAC pathway was associated with a significant cost reduction compared to ED services.
ARTICLE HIGHLIGHTS
Research background
Emergency department (ED) attendance in inflammatory bowel disease (IBD) patients put significant burden on the healthcare system.
Research motivation
We theorize that a large proportion of IBD patients presenting with urgent IBD specific complaints could potentially be managed in alternative care settings, thus avoiding unnecessary ED visits.
Research objectives
To report a comprehensive analysis of patient access and resource utilization after the implementation of the new rapid access clinic (RAC) service at a tertiary IBD center, compared to usual ED visits in IBD patients. patients contacting the RAC in a two year period. Comparative analysis of resource utilization and healthcare costs were carried out evaluating ED visits of IBD patients with no access to RAC services.
Research results
Creating a RAC for IBD patients is associated with quick patient access, optimized and specific use of diagnostic procedures and services, with similar outcome parameters and lower resource utilization and overall costs compared to regular ED visits for IBD patients.
Research conclusions
Implementation of a RAC facilitated easier access to IBD specific medical care, with optimized resource utilization and helped avoiding potential ED visits and subsequent hospitalisations.
Research perspectives
A RAC is ideal for providing IBD specific medical care in urgent situations, reducing burden to both the healthcare system and patients.
